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Abstract 
Sea surface temperature is one of the important parameters in determining the area of fishing ground. On the sea surface 
temperature the events of thermal fronts and upwelling can be observed visually by processing satellite imagery data. Generally, 
the fishing ground is determined visually by the human operator through direct observation on the monitor (called visualization 
approach). However, visualization approach is very subjective and labor-intensive. In this study, we focused in determining the 
upwelling and thermal-front. A new   approach is proposed, by extracting the feature from satellite imagery data and using 
contour matching, can be determined whether the events of thermal fronts and upwelling have occurred. With this approach the 
process of visualization is not needed anymore because the computer can determine the location of the upwelling and thermal 
fronts without human operator intervention. 
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1. Introduction 
In general, the location of fish schooling in the sea is difficult to know precisely because the movement of the 
fish. However it has been known that fish behavior is highly dependent on environmental conditions (oceanographic 
parameters) such as sea surface temperature, chlorophyll-a (containing nutrients), ocean currents, and salinity. At the 
sea surface temperatures (SSTs) observed two important indicators, namely upwelling and thermal front (sometimes 
called as sea-front or front only).  
Upwelling is a process by which cold water is brought up from the depths of the ocean. That cold water brings 
nutrients, nourishing the very bottom of the food web: phytoplankton and zooplankton. And plankton, in turn, 
supports larger marine creatures. When the winds come and push the warm water away from shore, the cold water 
rising from the depths brings those nutrients to the surface [1]. 
Thermal fronts are zones with a pronounced horizontal temperature gradient, often associated with high 
productivity levels. When water masses of different origin converge, nutrients as well as phytoplankton and 
zooplankton are trapped in their convergence zone and productivity increases. In a mesoscale transient pattern, 
thermal fronts are related to heterogeneous drops in temperature distribution as this is compared to more 
homogeneous temperature distribution in the surrounding area [2]. 
Most of the process of determining the location of upwelling and thermal fronts was using visualization 
techniques which involve the operator's interference at every stage of processing. Processing stage consists of [3]: 
x Pre-process the image, which includes the selection of cloud-free images, geometric correction, re-class (to 
separate the region of sea, land, and clouds); 
x Image processing consists of converting the pixel value (digital number) to the value radiance, brightness 
temperature calculation, and the calculation process using certain SST formulations, SST isoclines with high 
gradient set as upwelling or thermal front.  
 
An operator can subjectively determine where the upwelling and thermal fronts observed in the region, thus 
allowing any difference from one operator to another operator [4]. So the development of an algorithm to determine 
the location of upwelling and thermal front will provide a more objective, in addition to processing speed. 
This paper discusses a new approach in the detection of upwelling and thermal fronts automatically without the 
visualization process and without involving human operators in decision making. The assumption used is that the 
satellite imagery data is a collection of pixels with a specific value called the digital number (DN). DN is a 
representation of the object on the earth's surface sensed by satellite remote sensing, one of which is the sea surface 
temperature. Taking into account the value of the DN can be extracted a certain pattern that is indicator of upwelling 
and fronts. 
We organize this paper as follows. In the related work section, we describe visualization approaches for 
processing satellite data to determine the upwelling and fronts. Processing of the data from the satellite NOAA / 
AVHRR using the reference in the research conducted by Almuthahar [3], while the processing of MODIS satellite 
data using a reference in research conducted by Hakim et al. [5]. The following sections describe some research on 
feature extraction to obtain the location of upwelling and thermal fronts. 
On the section of the proposed method, we describe a new approach for determining the location of upwelling 
and fronts without the visualization stage where justification obtained automatically without any interference by a 
human operator. 
2. Related Work 
2.1. Visualization Techniques in Satellite Imagery NOAA / AVHRR 
In the pre-processing of satellite images, first step is the selection of satellite images NOAA / AVHRR with clear 
visual appearance (no cloud cover). The next step is processed image with the following stages [3]: 
x Selection of clear image (free of cloud mask): visually using data band 1, 2, and 4, as shown in Fig. 1. 
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x Image geometric correction with reference maps. The goal is to adjust the position of the image to fit the actual 
position on the earth by using a map reference. 
x The classification of objects into 3 classes: water, land, and clouds as shown in Fig. 2. 
 
 
Fig. 1. NOAA image of the composite RGB 124 
 
 
Fig. 2. The classification of the image into 3 classes (land, sea, and clouds) 
McMillin and Crosby have derived a formula to calculate the SPL and is considered the most appropriate method 
for the waters of Indonesia with a deviation of 0.80 oC for the estimation of the evening and 1.5 oC for daytime 
estimates of the actual temperature [3]. 
Determination of the SPL with a method of McMillin and Crosby carried the following steps [3]: 
a. Conversion of pixel values into radiance values: 
 
 iiii IF N x SL                                                                                                             (1) 
 
Li is the radiance i-th channel, Si is the slope coefficient (gain) i-th channel, Ni is the pixel value (the range of values 
between 0-255 for 8-bit data, and the range of values between 0-1023 for the data 10 bits), Ii is the intercept 
coefficient of the i-th channel of data, and F is constants equalizer (it’s value is 1 if the data is 10 bits, and it’s value 
is 4 if the data is 4 bits). 
b. Brightness temperature calculation: 
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iTb
iγC*ε*ε-1 ln
iγ
iTb                                                                                             (2) 
Tbi  is the brightness temperature in i-th channel, C is a constant solar radiance (1.438833 cmK), γi is the central 
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wave number (on channel 4 | 927.73 cm-1 and on channel 5 | 838.35 cm-1), and ε is the emissivity constant of 
water is worth 0.8. 
c. The calculation of sea surface temperatures (SSTs): 
273.582)5Tb42.702(Tb4TbSST                                                                                                                                          (3) 
Visually, the results of the data processing satellite NOAA / AVHRR is shown in Fig. 3 and Fig. 4.  
 
 
Fig. 3.Examples of the distribution of the SSTs  after stretching (a) at temperature 15.5 °C - 31.3 °C and (b) at temperature 23.0 °C - 30.2 °C 
 
Fig. 4. An example of the distribution of the SSTs after reclass and filter 
 
Fig. 5 showed the process in determining whether there have been upwelling/thermal front events or not. The 
process is direct observation of the monitor based SST values that form the contour lines. 
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Fig. 5. SSTs contour visualization 
2.2. Visualization Techniques in Satellite Imagery MODIS 
Research conducted by Hakim et al. [5] used the MODIS satellite to estimate sea surface temperature and 
chlorophyll-a concentrations. To produce the fishing ground, MODIS data processing stages in fact the same as the 
data processing on NOAA / AVHRR called visualization approaches. The difference is that the MODIS data can be 
derived information about the chlorophyll-a in addition to SSTs. 
Steps in the process of fishing ground prediction are shown in Fig. 6. Because it uses the same satellite then the 
overlay between the isoclines of sea surface temperature and chlorophyll-a distribution to be fast because the 
geometric correction process performed just once at the beginning. 
 
MODIS Image
SST Distribution
SST Isolines
Chlorophyll-a Distribution
Overlaying
Fishing Ground Area
Analyses
Potensial Area for Fish-cathing in
South Coast of West Java  
Figure 6. Flow chart of determining fishing ground area using MODIS Data  [5] 
 
Geometric correction was done by applying linear method which is included in the MRT Swath software. In this 
software, there was also data conversion from digital number (DN) or scale integer (SI) to Water Brightness 
Temperature values (Tb = temperature brightness) and/or reflectance. This conversion process was carried out by 
using Eq. 4. 
 
  R = R_Scaleb ( SIb b - R_Offset b )                                                    (4)  
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where: 
R = radiance or reflectance values, 
R_Scale b = scale value in band b, 
R_Offset b =  R_offset value in band b. 
 
Herein after the Inverse Planck Function (Black Body Radiation) was used to derive the Water Brightness 
Temperature (Tb) with an assumption of temperature of earth room chamber equal to 3000K, which written in Eq. 5. 
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where: 
Tb is the water brightness temperature in degrees of Kelvin; C1 and C2 are constant values (1.1910659 x 10-5 m-1 
Wsr-1 cm4 and 1.438833 cm); V is the central wave number; for the band 31 is equal to 867 302 cm-1 and band 32 is 
equal to 831.95 cm-1; R is the radiance value. 
After processing, we will get the SSTs contour map as shown in Fig. 7. Human operator can determine the 
location of upwelling and thermal front events by direct observation, where the contours of SSTs isoclines with high 
density suspected as upwelling or thermal-front. 
 
 
Fig. 7. SSTs isoclines map [5] 
2.3. Upwelling and Front Feature Extraction from Satellite Imagery 
2.3.1. The phenomenon of upwelling and front 
The upward movement of cool and nutrient-rich waters towards the surface leads to horizontal alterations in the 
distribution of physical, chemical and biological properties. Remote sensing is being extensively applied to detect 
such coastal upwelling. The problem of identifying oceanographic mesoscale structures has been studied using a 
variety of image processing techniques, however, the outstanding difficulties encountered in the traditional 
approaches are the presence of noise, mainly due to clouds and other atmospheric phenomena [6]. Ocean surface 
fronts, generally characterized as narrow regions with strong horizontal gradients, are of importance from both 
physical and biological perspectives [7]. 
2.3.2. Edge Detection Algorithm for SST Images 
Application of edge detection method to identify the sea front (thermal front) based on data image SPL (SST 
images) have been examined by Cayula and Cornillon [4, 8]. This method is known as SIED (single image edge 
detection), and then applied by Arief et al. [9] and Manoppo et al. [10] for the marine waters of Indonesia. But this 
method does not explicitly predict fishing ground area because the parameters used only one (i.e., sea surface 
temperatures) with the observed phenomenon is a thermal front (hereinafter the method is also known as Front 
SIED). 
Cayula and Cornillon [4] developed an edge detection algorithm for detecting features in SST images. The 
algorithm is based on the idea that edges in SST images are usually thin regions of separation between two regions 
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of constant temperature. Therefore, edges can only be detected if two populations are found in the area being 
examined.   This idea led to the development of an algorithm that first segments the original image into overlapping 
windows (32×32 pixels at 1–2 km resolution) and then tests each window for the presence of two (or more) distinct 
populations. An edge is considered to be present if the algorithm detects two significantly different populations 
within the given window, and the edge location is given by the contour that best separates the populations. This 
algorithm operates at three levels: picture level, window level, and local-pixel level. 
 Oram, et al. [11] developed the edge detection algorithm that is able objectively detect significant edges in 
remotely images of the surface ocean. Potential edges are first located by an optimal gradient-based edge detector 
that is less sensitive to noise in the input image than previously used detectors and has the ability to detect gradients 
at multiple length scales. Potential edges are then statistically validated in a manner similar to that of Cayula and 
Cornillon [11] to ensure that they represent boundaries between two distinct populations. 
Both algorithms described above are able to determine edge without any intervention from the operator. 
However, further interpretation is still required to determine the set of edges that found the shape or represent 
upwelling or front. 
2.3.3. Object Segmentation Algorithm for SST Images 
Marcello, et al. [6, 12] have presented a new technique for the automatic and precise detection of mesoscale 
structures using sea surface temperature (SST) and phytoplankton pigment concentration (PPC) images obtained 
from the AVHRR/2&3 (NOAA satellite series), MODIS (Terra satellite) and SeaWiFS (SeaStar platform) sensors. 
The technique is based on an efficient segmentation algorithm applied to the region of interest histogram followed 
by a fine detail growing process. This technique is presented in Fig. 8.  
 
Pre-processing
Feature extraction
Post-processing
Identification of points
to grow and direction
Watershed/thresholding-
based iterative growing
INITIAL
STRUCTURE
DETECTION
STRUCTURE
GROWING
Land
mask
Coast
line
Image Cloud mask
Mesosclae structure  
Fig. 8. Simplified automatic feature extraction procedure block diagram [6] 
2.4. Template and Contour Matching 
2.4.1. Template Matching 
A well known technique in object recognition is template matching. With template matching, a small picture 
(called a template) of a sample object is made and this template is placed on every position in the search image, 
computing a match value for each such position. This match value is a measure for the resemblance between the 
template and the search image on that position and it is computed by comparing every pixel of the template to the 
corresponding pixel of the search image [13].  
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Two drawback of this method have led to the conception of a new method [13]: 
x A lot of operations have to be done on pixels in the template that do not contain really relevant information (e.g. 
the background pixels). This influences the speed of the algorithm. 
x Variations in lighting conditions may change the appearance of the object in such a way that it does not 
resemble the template enough to yield a reasonable match value. This influences the performance of the 
algorithm. 
2.4.2. Contour Matching 
The series of edge pixels which forms the region boundary is called contour. Contour can be open or closed. 
Closed contours correspond to the boundaries that surround the region. The pixels in the region can be found by 
filling algorithm. Boundary is useful to describe the shape of the object in the image analysis stage (e.g. to recognize 
objects).  
The drawbacks of Template Matching can be addressed by restricting the attention to a limited set of template 
pixels that is really characteristic for the object. This can lead to a faster and more robust algorithm. The contour is 
considered to be the most characteristic part of an object, which is true for many applications [13].  
The algorithm consists of two steps [13]:  
x making the contour model; the contour model is derived from a small picture of a sample object or of a 
characteristic part of such an object. In this image the edges are detected by using some edge detection algorithm 
like Sobel or Canny. 
x searching the object in a search image; like with template matching, the model is placed on all possible positions 
in the search image, computing a match value for every position. The match value now is based on the edge 
pixels in the contour model only: all Search image pixels that correspond to an edge pixel in the contour model 
are added. The higher this value is, the better the resemblance between model and image. 
 
Another approach came from Huang et al. [14], who investigate a semantic-driven human detection algorithm, 
which employs global human template matching to inspire the local features based Adaboosting algorithm. Huang et 
al. [14] was using distance transform to analyze distances between training samples and human contour template to 
obtain a classifier based on human outline features. At the training stage, the global outline feature will be 
coordinated into the Adaboost framework to guide the learning of a set of Histograms of Oriented Gradients (HOGs) 
local classifiers.  
Based on Adaboost learning framework, the main idea behind is to guide the selection of HOGs weak classifiers 
using global template matching. This makes the integration of local and global features under a Adaboost framework 
and Fig. 9 shows the overview of the proposed approach in a schematic form [14]. 
 
 
Fig. 9. The system overview of the proposed approach for human detection by integrating local and global features under a Adaboost framework 
[14] 
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3. Proposed Method 
In this paper we propose a new approach to determine the location of upwelling and fronts. These process 
consists of three stages: template construction, feature extraction (object detection), and contour matching.  
3.1. Template Construction 
As explained previously that the upwelling and thermal-front (UTF) form a specific pattern, visually 
demonstrated with high-density contour lines. This particular pattern will be constructed to be as upwelling or 
thermal-front template. To construct UTF template we used the method proposed by Huang et al. [14], who has 
proposed a method for the construction of the human template as shown in Fig. 10. 
 
 
Fig. 10. The process to construct UTF template 
3.2. Feature extraction (object detection) 
At this stage, a feature extraction method used by Marcello et al. [6, 12] will be applied, as shown in Figure 8. A 
brief explanation as follows: 
x Initial structure detection, to obtain a coarse segmentation, consisting of: pre-processing step, performing 
geometric correction, cloud and land masking, filtering and image enhancing, segments the structure based on 
histogram automatic threshold selection, and final post-processing to eliminate isolated components not 
belonging to the structure, relying on its connectivity. 
x Structure growing, to attain the structure fine detail, based on the identification of the points to grow and the 
growing direction (using the skeleton of the structure detected) and the subsequent iterative application of 
watershed or thresholding techniques inside a window centered at each point and with the appropriate orientation. 
3.3. Contour Matching  
Similarities between the original image (Ioriginal) and upwelling or thermal-front template (UTFtemplate) can be 
calculated through template matching. The way to compute the matching score is through the using of Chamfer 
distance and is defined in Eq. (6) [14]. 
 
)i(dI)UTF,I(D
templateUTFi
DTtemplateoriginchamper ¦

                                     (6) 
The shorter the Chamfer distance score, DChamper, the higher similarity between the input images, Ioriginal, and 
UTFtemplate, is.  Distance transforms calculation schematically shown in Fig. 11. 
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Fig. 11. Flowchart matching score calculation (adopted from  [14]) 
4. Future Work 
The success of contour matching in finding the location of upwelling and thermal-front is very dependent of the 
UTF template reconstruction. If UTF templates can be defined as well (representative of the general pattern of UTF), 
it can improve the accuracy of the UTF location search. 
We will investigate whether the upwelling and thermal-front form the special characteristics of the pattern 
contours or not. Until now there has been no study that revealed the contours of the specific characteristics or 
thermal upwelling-front. We will also investigate some numerical models of upwelling and thermal-front ever 
proposed by previous researchers. 
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